Abstract. Control samples produced as 1pm size uranium oxide particles are described for the calibration of the instrumental techniques when applied for the characterisation of environmental radioactive particles. The efficiency of nuclear track methods is demonstrated for the location of hot spots in swipe and environmental samples. Examples of the characterisation in terms of morphology, structure, elemental and isotopic composition of radioactive environmental particles detected in sediments and soil samples from different origin are illustrated. The characteristics of the particles are related with the source term and the release scenarios. Correlation between measurements of bulk samples and particles are given.
INTRODUCTION
Radionuclides can be introduced in the environment through a variety of systems and processes as gases, aerosols and particulate matter. In this context, particles exhibiting a very high activity are usually called "hot ^articles" or "radioactive particles". They may be produced in nuclear weapons tests, nuclear reactor accidents and fires and can also be released in authorised discharges from reprocessing plants and dumped radioactive waste [1] . They can be formed by two processes: disintegration of the nuclear fuel bulk material or condensation of evaporated products. When radioactive particles are released into the environment, information on the size distribution pattern, radionuclide and matrix composition, morphology and structure i s essential for assessing weathering and subsequent mobilisation and biological uptake of associated radionuclides. Particle characteristics will depend on particular source, scenario, dispersion processes and deposition conditions.
At the Institute for Transuranium Elements (ITU) research activities for the characterisation of radioactive environmental particles started in 1993, when after the Gulf War the capability to detect clandestine nuclear activity by the measurements of the radioactive particles found in environmental and wipes samples was recognised [2] . ITU developed methods based on Secondary Ion Mass Spectrometry MS) and Scanning electron Microscopy (SEM) to locate and characterise radioactive microparticles for iter chemical as well as isotopic composition [3] [4] [5] . For the location of the spots, methods based on nuclear tab -a-tracks, [^-autoradiography and fission tracks -have been also developed and applied to Environmental and swipe samples [6] . Moreover, due to the lack of reference radioactive microparticles with hown isotopic composition, a methodology has been developed for the production of control particles owi ng a defined size and isotopic composition [7] .
to this paper, the developed procedures and techniques and their applications to real cases are described. Samples of radioactive environmental particles detected in sediments and soil samples from different origin K presented and their characterisation in terms of morphology, structure, elemental and isotopic ^Position highlighted. The characteristics are related with the source term and the release scenarios. delation between bulk measurements and particles are given.
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RADIOPROTECTION -COLLOQUES
CONTROL RADIOACTIVE MICROPARTICLE
In order to generate particles of defined isotopic composition, certified reference uranium oxide powder was used to obtain a solution for the aerosol generation. The parameters of the aerosol generator were set up to produce particle of micron dimension, namely 1pm [7] . The particles were further characterised by SEM for the morphology and SIMS for their isotopic composition. In Fig 1 
NUCLEAR TRACK METHODS APPLIED TO SWIPE AND ENVIRONMENTAL SAMPLES
Nuclear tracks methods -oc-tracks, P-autoradiography and fission tracks -are very efficient for the detection of hot spots in environmental and swipe samples. The first two are spontaneously produced by the a-and Pemitting radionuclides in the samples. For fission tracks irradiation of the sample in a nuclear reactor is necessary. These methodologies can be very efficient for the identification of hot spots. Figures 2b), c) and d) illustrate the tracks generated after irradiation in a nuclear reactor of particles containing uranium collected by swipe sampling. The number of tracks can be related to the enrichment in Ihe isotope 235 of uranium. Therefore, hot spots due to not natural uranium can be easily detected isolated aad further investigated by SEM, SIMS or other mass spectrometric techniques, for instance' thermal ionisation mass spectrometry.
The method based on the development of a-tracks has been applied to detect hot spots in tadioactively contaminated soil samples. An example is given in Fig. 3 where three different particles bearing s-emitting radionuclides are evidenced. 
PARTICLES STEMMING FROM CHERNOBYL ACCIDENT
Soi l samples collected in the vicinity of the Chernobyl site were investigated. Radioactive particles containing uranium were located and isolated and further characterized by SEM and SIMS. In Figure 2a the SEM-EDX spectrum shows the line of uranium detected in the particle. The SIMS image of the same particle is illustrated in Figure 2b . Several particles were analyzed and from the results of the two techniques it was found that all particles originated from nuclear fuel. The ratio 235 U/ 238 U was in the range 1.55-1.75 atomic % in 235 IJ, twice as high as the value of the natural uranium and corresponding to the enrichment of the fuel used in the Chernobyl reactor that was up to 1.8 atomic %.
The particles consisted mostly of uranium oxide. In fact, small particles (often < 1pm) were formed during the initial explosion of the reactor. Then, due to the high temperature reached, an evaporation process in the air took place and they were transformed in uranium oxide re-condensed in a glassy form. Their qualitative chemical composition was analyzed by SIMS and C, Al, K, Fe, Mg, Ca and Si were detected. Fission products were also qualitatively observed on the surface of the particles.
IRISH SEA SEDIMENTS
A complete core of a sediment stemming from the Irish Sea was investigated by y-spectrometry for the 241 Am concentration. The concentration profile in function of the depth is shown in Fig. 5a . In correspondence of the layer at 26-28 cm the highest concentration of 241 Am was found. This layer was then investigated by atracks and a big (Fig 5b) and a small hot spot (Fig 5c) were obtained after two weeks of exposure time.
The big hot spot was further investigated by SIMS. Uranium oxide particles with isotopic composition close to the natural one of uranium were detected. Moreover, small inclusions at mass 241 particles were also found, showed in Figure 6 . The ion primary beam of the SIMS was also scanned as for the mass 239 and to 240 corresponding to plutonium isotopes, but no signals were detected. Therefore the inclusions at mass 241 can be attributed to 241 Am, as confirming the results on the bulk sample obtained by f spectrometry.
For the layer at 26-28 cm depth, measurements of the bulk sample as for uranium, plutonium and amencium were performed by radiometric -liquid scintillation counting (LSC) and oc-spectrometry -as well by different mass spectrometric techniques -Inductively Coupled Plasma Mass Spectrometry (ICP-MS) and Gl ow Discharge Mass Spectrometry (GDMS). The results obtained were found in good agreement as reported in table 1. 6 . CONCLUSIONS
The characterization of particles is necessary in order to understand transport/diffusion mechanisms of radionuclides in environmental samples. Analysis of the bulk sample gives only an average information. Nevertheless can be applied for monitoring of environmental radioactivity provided that the presence of hot spots is taken in consideration. Methods based on nuclear tracks are very efficient for the location of radioactive particles and can applied to swipe and environmental samples. Once stated the presence of hot spots, they can be isolated and further investigated by SEM and SIMS.
